INTRODUCTION
============

There are many kinds of pancreatic neoplasms including ductal adenocarcinoma, endocrine tumors, cystic tumors, solid pseudopapillary tumors, acinar cell carcinoma, squamous cell carcinoma, lymphoma, and metastatic lesions of pancreas ([@B1]). Also, the incidence of incidental pancreatic masses has risen rapidly over the past three decades, partly as a result of the increased detection on endoscopic or cross-sectional imaging ([@B2]-[@B4]). However, there is a limitation in the differential diagnosis of diverse pancreatic tumors by imaging diagnostic methods alone ([@B5], [@B6]).

Pancreatic neuroendocrine neoplasms (PNENs) are rare neoplasms which have an incidence of approximately one per 100,000 individuals per year and represent approximately 3% of all pancreatic tumors ([@B2], [@B7]). Several studies have documented a trend towards the increasing incidence and prevalence in recent years ([@B8]). PNENs are typically hyperdense and spherical on the arterial phase of imaging, but sometimes they are described as hypovascular or cystic lesions ([@B9]). Thus, non-invasive parameters indicating PNENs are required.

Chromogranin A (CgA) is a 439-amino-acid protein that is present in the secretory dense core granules of neuroendocrine tissues ([@B10]). CgA is widely used as an immunohistochemical marker of neuroendocrine neoplasms ([@B11]). In addition, CgA is overproduced and released into the circulation by neuroendocrine neoplasms and has consequently been measurable in plasma of patients ([@B12]). The previous studies reported different ranges of sensitivity and specificity for circulating CgA, according to histological characteristics of the tumor and to disease spread ([@B13]-[@B15]). Besides, previous studies included all the neuroendocrine neoplasms originating in gastroenteropancreatic system. Therefore, we enrolled PNENs only in this study to analyze the usefulness of CgA in differentiating PNENs with other pancreatic neoplasms. Furthermore, we aimed to investigate the relationship between plasma CgA level and characteristics of PNENs.

MATERIALS AND METHODS
=====================

Patients
--------

We reviewed electronic medical records of Seoul National University Hospital for the patients who had pancreatic tumors in imaging methods and checked plasma CgA between January 2009 and November 2011. Plasma CgA level was measured by ELISA (Cisbio US, Bedford, MA, USA) with a normal range of 24-97 ng/mL. The maximal measurable level of plasma CgA was 760.0 ng/mL.

Patient characteristics including gender, age and plasma CgA level were collected. Histopathologic characteristics including tumor size, tumor location, metastasis, releasing hormones, Ki-67 index and mitotic count were also obtained. Ki-67 index and mitotic count were dichotomized into high and low group by 2% and 2 per 10 high power fields respectively according to 2010 WHO classification of PNENs ([@B16]). Exclusion criteria were chronic renal failure, liver failure or the presence of any other malignancy ([@B17], [@B18]).

Statistical analysis
--------------------

The cutoffs for diagnosis were identified by receiver-operating characteristic (ROC) curve. The area under the ROC curve (AUC) was calculated to describe the capability of plasma CgA to discriminate between PNENs and controls. The relationships between CgA and clinicopathologic variables were evaluated. The comparisons of values between PNENs and control groups or within PNENs were performed using the Mann-Whitney U test or Fisher\'s exact test.

A *P* value of \< 0.05 was considered to be statistically significant. Statistical analysis was conducted by using the IBM SPSS Statistics version 19.0 (SPSS Inc, Chicago, IL, USA).

Ethics statement
----------------

The protocol was reviewed and approved by the institutional review board of Seoul National University Hospital (IRB No. 1203-010-399). Informed consent was waived by the board.

RESULTS
=======

Clinical characteristics of enrolled patients
---------------------------------------------

A total of 44 patients were enrolled and the diagnosis for each patient was established by histopathological examination and immunohistochemistry. CgA was elevated above normal range (\> 97 ng/mL) in 11 patients. The median CgA level was 81.6 ng/mL and ranged from 22.5 to 760.0 ng/mL. Twenty-six patients had PNENs and 18 patients had other pancreatic diseases (11 pancreatic ductal adenocarcinomas, 2 intraductal papillary mucinous neoplasms, 1 acinic cell carcinomas, 1 solid pseudopapillary neoplasm, 1 myoepithelial hamartoma and 2 autoimmune pancreatitis). There was no significant difference between PNENs and control groups except plasma CgA level (92.9 vs 58.4 ng/mL, *P* = 0.025, [Table 1](#T1){ref-type="table"}). However, when excluded 6 patients with distant metastases in PNENs group, there was no significant difference of plasma CgA level between non-metastasis PNENs and control group (80.4 vs 58.4 ng/mL, *P* = 0.335)

The establishment of cutoff value in diagnosing PNENs
-----------------------------------------------------

In order to identify the cutoff value of CgA in diagnosing PNENs, ROC analysis was performed among 26 patients with PNENs and 18 controls. The most optimal cutoff value was 60.7 ng/mL with 77% sensitivity and 56% specificity, and the AUC was 0.679 ([Fig. 1](#F1){ref-type="fig"}). Positive predictive value, negative predictive value and accuracy were 71%, 63%, and 68% respectively.

Relationships between CgA and clinicopathologic variables in patients with PNENs
--------------------------------------------------------------------------------

In PNENs group, six patients had metastatic lesions, and CgA was significantly higher in these patients than in those who had no metastasis (380.2 vs 80.4 ng/mL, *P* = 0.001) ([Table 2](#T2){ref-type="table"}). The sensitivity and specificity of detecting metastasis were 100% and 90% respectively when CgA cutoff was 156.5 ng/mL, and the AUC was 0.958 ([Fig. 2](#F2){ref-type="fig"}). Positive predictive value, negative predictive value and accuracy were 75%, 100%, and 92% respectively. High Ki-67 index (160.8 vs 62.1 ng/mL, *P* = 0.001) and mitotic count (173.5 vs 74.6 ng/mL, *P* = 0.044) were significantly associated with plasma CgA, but tumor size was not ([Fig. 3](#F3){ref-type="fig"}). Immunohistochemical staining of CgA from obtained tissue was performed in 22 patients. Six patients showed weak positive for CgA staining and 16 patients showed positive for CgA staining. However, there was no significant difference in plasma CgA level according to intensity of CgA staining (125.6 vs 80.4 ng/mL, *P* = 0.417). Plasma CgA level was higher in functioning PNENs than non-functioning PNENs, but showed no statistical significance (534.5 vs 92.3 ng/mL, *P* = 0.071). There were two gastrinomas and one somatostatin-producing tumor in functioning PNENs. Both plasma CgA levels of the two gastrinomas were 760.0 ng/mL, which was the highest measurable level.

DISCUSSION
==========

There are some studies identifying the role of plasma CgA as a neuroendocrine neoplasm marker and the diagnostic value of CgA was relatively low ([@B13], [@B14], [@B19], [@B20]). Most of the previous studies enrolled all kinds of gastrointestinal neuroendocrine neoplasms because neuroendocrine neoplasms are a rare disease. They compared neuroendocrine neoplasms with healthy subjects as well. Therefore, it is difficult to determine the role of CgA in PNENs with previous studies. In present study, we had included the only patients who were suspected to be PNENs and defined a control group as the patients with pancreatic disease other than PNENs which were ambiguous to distinguish PNENs with diagnostic imaging methods only. This study design made it possible to evaluate the clinical usefulness of CgA in differentiating PNENs.

The diagnostic value of plasma CgA for differentiating PNEN from other pancreatic neoplasm was minimal in this study. The difference of plasma CgA between PNEN and control group was disappeared after excluding six patients with metastases in PNENs group. The sensitivity and the specificity of plasma CgA for diagnosing PNENs were 77% and 56% respectively, when the cutoff was 60.7 ng/mL in this study. This result is consistent with previous reports showing a relatively low diagnostic value of plasma CgA in PNEN, but the specificity of this study was lower ([@B13], [@B20]). This could be explained by incomplete exclusion of the patients with treatment of proton pump inhibitors or chronic atrophic gastritis in this study, which causes high plasma CgA levels ([@B17], [@B21]). However, only 2 patients took proton pump inhibitors at the time of measuring plasma CgA in this study: one had gastrinoma with liver metastasis and the other had nonfunctioning PNEN without metastasis. The plasma CgA levels of 2 patients were 760.0 ng/mL and 147.0 ng/mL respectively.

We found higher plasma CgA levels in metastatic PNEN patients than in those without metastases and this finding is in line with previous studies ([@B20], [@B22], [@B23]). When the cutoff was 156.5 ng/mL, the sensitivity and the specificity for the presence of metastases were 100% and 90% respectively. Consequently, high plasma CgA level suggests metastases and when CgA is greater than 156.5 ng/mL in patients with PNENs, careful examinations about metastases should be performed. Besides, metastases indicate poor prognosis of PNENs ([@B9], [@B24]). It means plasma CgA would have a clinical emphasis for predicting prognosis.

Plasma CgA was thought to be correlated with tumor volume and disease extent of neuroendocrine neoplasms ([@B13], [@B14]). However, there was no significant correlation between tumor size and plasma CgA level in present study. CgA was significantly associated with Ki-67 index and mitotic count of PNENs. It suggests that plasma CgA might correlate with tumor property rather than quantity. PNEN grading system identifies three different degrees of tumor malignancy basing on Ki-67 index and the major risk factor for progression of PNEN is Ki-67 index ([@B16], [@B25]). On the contrary, tumor size does not indicate prognosis ([@B9]), and there was no significant difference in tumor size according to metastases in this study. Thus, it emphasizes that the evaluation of plasma CgA would be helpful in predicting the prognosis of PNENs.

It is controversial whether functioning tumors reflect high plasma CgA level ([@B15], [@B19]). Although CgA was higher in functioning tumors, it showed no statistical difference because there were only three patients with functioning PNENs in this study. Therefore, it is hard to conclude the relationship between functioning tumor and CgA, and would require analyzing plasma CgA of a greater number of patients with functioning PNEN. There were two patients with gastrinoma and both of them had highest plasma CgA level. CgA is known to be much higher in gastrinoma ([@B26]). However, we should be careful in interpreting this result because the patients with gastrinoma had taken proton pump inhibitors at the time, which could cause plasma CgA level overestimated.

In conclusion, CgA has little diagnostic value for differentiating PNENs from other pancreatic diseases. However, when CgA level is greater than 156.5 ng/mL in patients with PNENs, metastases should be carefully examined. Also, plasma CgA level correlates with Ki-67 index and mitotic count which represents prognosis of PNENs.
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###### 

Baseline characteristics of the PNEN and control groups
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Data are expressed as the median (range). PNEN, pancreatic neuroendocrine neoplasm; CgA, chromogranin A.

###### 

Plasma CgA according to clinical variables in PNEN
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Data are expressed as the median (range). ^\*^Available in 22 patients; ^†^Available in 21 patients; ^‡^Available in 18 patients. PNEN, pancreatic neuroendocrine neoplasm; CgA, chromogranin A; HPF, high power field.
